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Ab stract: Bio logi cal mark ers and sta ble car bon iso topic com po si tions of bi tu men im preg nat ing the Pleis to cene
and Holo cene sedi ments around the Sta runia pa lae on to logi cal site (Car pa thian re gion, Ukraine) near dis cov ered
rem nants of a mam moth and three woolly rhi noc er oses, and one al most com pletely pre served rhi noc eros car cass
found in 1907 and 1929, were in ves ti gated. The re search was car ried out to as sess ge netic con nec tions be tween the 
bi tu men and oils from the nearby deep ac cu mu la tions of the Bo rys lav-Pokut tya and Skyba units of the Car pa -
thi ans. An other aim of these geo chemi cal stud ies was to re veal the sec on dary geo chemi cal pro cesses (oxi da tion
and bio de gra da tion) in flu enc ing the bi tu men, and to de ter mine which en vi ron ments have been fa vour able or
un fa vour able for the pres er va tion of large Pleis to cene ver te brates. Bi tu men in cluded within the near- surface rocks
are not ge neti cally con nected with re sid ual or ganic mat ter pres ent in Qua ter nary sedi ments. Geo chemi cal fea tures, 
such as dis tri bu tions of pen ta cyc lic triter panes and ster anes, bio marker pa rame ters and iso tope com po si tion
in di cate that all bi tu mens origi nate from oil- prone, Type II kero gen with in sig nifi cant ad mix ture of ter res trial
Type III kero gen in the mid dle stage of cata gene sis. The oils oc cur ring in deep ac cu mu la tions in the Sta runia area
were the sole source of bi tu men found in the near- surface sedi ments. In put of im ma ture or ganic mat ter to bi tu men
from Pleis to cene and Holo cene sedi ments has not been found. The main fac tors dif fer en ti at ing the bi tu men were:
bio de gra da tion, wa ter wash ing and/or weath er ing. Ad di tional in flu ence of trans port of bi tu men by brine was
found. The most fa vour able con di tions for pres er va tion of large, ex tinct mam mals within the Pleis to cene muds
ex ist in the vi cin ity of Nos 22 and 23 bore holes, where bi tu men is best pre served. The worst con di tions were found 
in the vi cin ity of Nos 1, 4, 4’ and 15 bore holes. In ten si fi ca tion of bio de gra da tion and weath er ing ef fects were
fol lowed by in ten sive, cha otic changes of the rem nants of large Pleis to cene mam mals.

Key words: bio mark ers, sta ble car bon iso topes, bi tu men con tent, oil ori gin, woolly rhi noc eros, Sta runia pa lae on -
to logi cal site, Car pa thian re gion, Ukraine.
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IN TRO DUC TION

Geo chemi cal stud ies in clud ing frac tion analy sis, bio -
marker dis tri bu tion and sta ble car bon iso topes of bi tu men
that satu rate Pleis to cene and Holo cene sedi ments were an
im por tant part of an in ter dis ci pli nary re search proj ect fo -
cused on study of the Sta runia area. In the years 2006–2009, 
this proj ect was run in the area of the Sta runia aban doned
ozo ke rite (earth wax) mine (Ko tarba, 2009), about 130 kilo -
me tres south east of Lviv, Ukraine (Fig. 1). At the end of the
19th cen tury and in first half of the 20th cen tury, ozo ke rite
(earth wax) was ex ploited in the Sta runia area from the

Boryslav- Pokuttya Unit of the Car pa thian Fore deep Ba sin
(Al ex androwicz, 2004, 2005; Kol tun et al., 2005).

Sta runia has been fa mous since 1907 as the site, where
re mains of woolly rhi noc eros and mam moth were found at
depths 12–17 m be low the sur face at the place where ozo ke -
rite was mined. This ex cep tional dis cov ery was fol lowed by 
one in 1929 when al most com pletely pre served car cass of
woolly rhi noc eros was ex ca vated in the spe cial shaft dug by
the Pol ish Acad emy of Arts and Sci ences in Qua ter nary
muds satu rated with oil and brine (Ko tarba, 2002; Alexan-



drowicz, 2005). The dis cov ery of large Pleis to cene mam -
mals in the Sta runia ozo ke rite mine was a spec tacu lar sci en -
tific event on a global scale. An unique com bi na tion of oil
and brine satu rat ing the Pleis to cene muds, into which the
ani mals had sunk, re sulted in nearly per fect pres er va tion of
these speci mens. Both salt (chlo ride ion) and bi tu men (oil)
were de cid ing fac tors in im preg na tion, con ser va tion and

pres er va tion of large, ex tinct mam mals em bed ded within
the Pleis to cene sedi ments (Ko tarba, 2002; Ko tarba et al.,
2005b, 2008b, 2009b; Moœcicki et al., 2009).

The main aim of this geo chemi cal study cov er ing meth -
ods of bi tu men satu rat ing Pleis to cene and Holo cene sedi -
ments was to de ter mine the ge netic con nec tions be tween
these bi tu mens and oils from deep ac cu mu la tions in both the 
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Fig. 1.  Sketch map of the Starunia palaeontological site and vi cin ity (Carpathian re gion, Ukraine) show ing the lo ca tion of bore holes,
sam pling sites of oil de rived from deep ac cu mu la tions and sur face seeps, and po si tion of oil sam ple taken from skull of woolly rhi noc eros,
af ter Kotarba et al. (2005b): OE-U – oil from “up per oil eye”, OE-L – oil from “lower oil eye”, St – oil from mud vol cano, RS – oil col -
lected in 1907 di rectly from skull of the “sec ond” woolly rhi noc eros by an un known Pol ish ge ol o gist (prob a bly M. £omnicki)



Boryslav-Pokuttya and Skyba units, from sur face seeps, and 
from a sin gle oil sam ple col lected in 1907 di rectly from the
skull of woolly rhi noc eros. Moreo ver, the in flu ence was re -
vealed of sec on dary geo chemi cal pro cesses (oxi da tion and
bio de gra da tion) ac tive within these sedi ments, es pe cially in
Pleis to cene muds from the Sta runia area. There fore, we
paid spe cial at ten tion to the oc cur rence of such pro cesses in
the stud ied strata. We ex pect that so lu tion of this prob lem
will en able us to de ter mine which en vi ron ments have been
fa vour able or un fa vour able for the pres er va tion of large,
Pleis to cene ver te brates.

Gen eral in for ma tion cov er ing the his tory of the Sta -
runia area and the re sults of ear lier re search, in clud ing or -
ganic geo chemi cal study and ge netic cor re la tions be tween
source rocks and hy dro car bons from sur face seeps and deep 
ac cu mu la tions car ried out in the area (Ko tarba et al.,
2005b), are pre sented in a spe cial mono graph de voted to
Sta runia (Ko tarba, ed., 2005).

Or ganic mat ter con tained in Pleis to cene and Holo cene
sedi ments is of both syn ge netic (e.g. mol luscs and plant
mac ro fos sils) (Stachowicz- Rybka et al., 2009) and epi ge -
netic (oil mi grat ing from deep struc tures of the Boryslav-
Pokuttya and Skyba units to Qua ter nary sedi ments) ori gins
(Ko tarba, 2002; Ko tarba et al., 2005b, 2009b; Kol tun et al.,
2005). In flow of oil and ther mo genic gases from such deep
ac cu mu la tions to Qua ter nary sedi ments and de vel op ment of 
mi cro bial and sec on dary geo chemi cal pro cesses within
these sedi ments in the Sta runia area were re vealed by Ko -
tarba et al. (2005a, 2009a), Sech man et al. (2009), and Ba -
ra basz et al. (2009).

 GEO LOG I CAL SET TING
AND PE TRO LEUM OC CUR RENCE

The Ukrain ian Car pa thi ans be long to the larg est pe tro -
leum prov inces of Cen tral Europe, con sti tut ing one of the
old est petroleum- producing re gions in the world. Ex ploi ta -
tion of oil and natu ral gas be gan in 1854 and 1921, re spec -
tively (Ko tarba & Kol tun, 2006). Ozo ke rite is a rare pe tro -
leum sub stance; in the Car pa thi ans it is known from only
five sites: Bo rys lav, Vol anka, Truskavets- Pomiarki, Dzvi-
nyach and Sta runia (Al ex androwicz, 2005).

In the area of the aban doned Sta runia ozo ke rite mine,
Qua ter nary sedi ments of the Ve lyky Lu kavets River val ley
are de vel oped as clayey muds with plant re mains, peat, bio -
genic muds, and peat muds (Soko³owski et al., 2009; Soko-
³owski & Stachowicz- Rybka, 2009). De tails of ge ol ogy and
pe tro leum oc cur rence in the Sta runia area were pub lished
by Al ex androwicz (2004, 2005), Kol tun et al. (2005), Ko rin 
(2005), Ko tarba & Stachowicz- Rybka (2008), Ko tarba et
al. (2008a), Soko³owski et al. (2009), Soko³owski &
Stachowicz- Rybka (2009), Stachowicz- Rybka et al. (2009), 
and in ref er ences therein.

The top sur face of the salt-bear ing Mio cene Vorotysh-
cha beds in Starunia area, which un der lie Qua ter nary de pos -
its, oc curs at a max i mum depth of 17 metres (Soko³owski et
al., 2009). The Mio cene strata are sand stone-claystone bre-
ccias with ha lite, po tas sium-salt, gyp sum and cal cite lay ers,
and veins of ozokerite (Korin, 2005). Within Qua ter nary

sed i ments, many brine and salt wa ter springs oc cur in the
vi cin ity of Starunia. These wa ters are ge net i cally con nected
with dis so lu tion of salts and leak age from the Mio cene
Vorotyshcha beds (Duliñski et al., 2005). The Boryslav-
Pokuttya Unit is the main oil and gas res er voir in the Ukrai -
nian Carpathians. Tec toni cally, the unit rep re sents a stack of 
su per im posed nappes, each of them com pris ing the flysch
se quence cov ered by mo las ses. The Oligocene Menilite
beds oc cur in the top of the flysch suc ces sion and are con -
sid ered to be the most im por tant hy dro car bon source rock
with rel a tively high or ganic mat ter con tent (up to 20 wt%;
Kotarba & Koltun, 2006). South and south west of the
Starunia ozokerite de posit, six oil and gas fields were dis -
cov ered within the Palaeogene and Neo gene res er voirs of
the Boryslav-Pokuttya and Skyba units (Adamenko et al.,
2005; Koltun et al., 2005). The salt-bear ing Mio cene Voro-
tyshcha beds pro vide per fect seal ing of hy dro car bon traps
in the Boryslav-Pokuttya Unit. How ever, these beds un der -
went con sid er able crack ing in the course of for ma tion of the 
Starunia Fold, dur ing the Carpathian overthrust move ments. 
As oil and gas were flow ing from the flysch strata to wards
the sur face and most of gas eous hy dro car bons were emit ted
to the at mo sphere, liq uid hy dro car bons sat u rated Qua ter -
nary sed i ments, and higher hy dro car bons formed veins of
ozokerite. These pro cesses con tinue even now, which can
be seen on the ex am ple of oil and gas sur face seeps and mud 
vol ca noes in the Starunia area (Kotarba, 2009).

METH ODS

Sam pling pro ce dure

For geo chemi cal stud ies 113 core sam ples were taken
(Ko tarba et al., 2009b). For bio logi cal marker and sta ble
car bon iso tope analy ses 56 core sam ples were se lected, of
which 37 were from Pleis to cene sedi ments and 14 from
Holo cene strata. For com pari son, 4 sam ples of salt- bearing
Mio cene Vo ro tyshcha beds and 1 sam ple of mine wastes
(dump) were ana lysed, as well. Lo ca tion of sam pled wells is 
shown in Fig. 1.

An a lyt i cal meth ods

The pro ce dure of bi tu men ex trac tion and sepa ra tion of
frac tions (satu rated and aro matic hy dro car bons and res ins)
was pub lished by Ko tarba et al. (2009b). The ex tracts were
ana lysed with the gas chro ma tog ra phy/mass spec trome try
tech nique us ing the Ag ilent Tech nolo gies 7890A gas
chromatograph with DB- 5MS cap il lary col umn (60 m x
0.32 mm in ter nal diameter, 0.25 µm sta tion ary phase), di -
rectly cou pled to the 5975C Net work mass de tec tor. In jec -
tor of “Cool On Col umn” type was used. Sam ple vol ume
was 0.5 µl. The fol low ing meas ure ment pa rame ters were
ap plied: car rier gas – He; pro grammed tem pera ture: 313 K
(iso ther mal for 1 min.), heat ing rate to 393 K – 20 K/min,
then to 573 K – 3 K/min, fi nal iso ther mal tem pera ture: 573
K hold for 35 min. The mass- selective de tec tor was op er at -
ing in the elec tron im pact ioni za tion mode at 70 eV and
scanned from 45 to 500 Da. Data were ac quired in a full-
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 scan mode and proc essed with the Hew lett Packard – Agi-
lent Tech nolo gies Chem sta tion soft ware. All com pounds
were iden ti fied us ing their mass spec tra, com pari son of re -
ten tion times of their peaks to stan dard com pounds and lit -
era ture data, and in ter pre ta tion of MS frag men ta tion pat -
terns (Philp, 1985; Pe ters et al., 2005; MSD, 2000). The ob -
jec tive of gas chro ma tog ra phy/mass spec trome try analy sis
was to rec og nize the dis tri bu tion of char ac ter is tic bio mark -
ers us ing peak ar eas found in the suit able ion chro ma -
tograms.

Rock sam ples se lected for sta ble car bon iso tope anal y -
sis of in sol u ble or ganic mat ter were combusted in an on-line 
sys tem af ter re moval of car bon ates with hy dro chlo ric acid
and ex trac tion of bi tu men. Pre vi ously ex tracted bi tu men
and its frac tions for sta ble car bon iso tope anal y ses were car -
ried on with the same pro ce dure. Sta ble car bon iso tope anal -
y ses were run with the Finnigan Delta Plus mass spec trom e -
ter. Sta ble car bon iso tope data were pre sented in d-no ta tion
rel a tive to the PDB stan dard. An a lyt i cal pre ci sion was es ti -
mated as ± 0.2‰.

RE SULTS AND DIS CUS SION

Bi tu men com po si tion

The frac tion com po si tion of bi tu men ex tracted from the 
near-sur face sed i ments in the study area is pre sented in Ta -
ble 1. Bi tu men is rich in sat u rated hy dro car bons (from 40 to
89 wt%, me dian 65 wt%) and ar o matic hy dro car bons (from
11 to 40 wt%, me dian 29 wt%); resin con tents were low,
from 0 to 17 wt% (me dian 5 wt%) (Ta ble 1, Fig. 2). Bi tu -
men ex tracted from the Pleis to cene clayey muds (Fig. 2A) is 
rich est in hy dro car bons, whereas the high est resin con tents
are ob served in the Ho lo cene clayey muds (Fig. 2C). Frac -
tion com po si tion of ana lysed bi tu men cor re sponds to that of 
oils ac cu mu lated in the Starunia area (Kotarba et al., 2005b) 
and to bi tu men ex tracted from rhi noc eros bones (Kotarba,
2002). Only the oil col lected from rhi noc eros skull in 1907
was richer in res ins (RS sam ple in Fig. 2A). These dif fer -
ences prob a bly re sult from long-last ing sam ple stor age as

well as from evap o ra tion and biodegradation pro cesses,
which re duced the con tent of sat u rated hy dro car bons (Pe -
ters et al., 2005).

Biomarker anal y sis
n-Hex ane ex tracts (bi tu men) from the near-sur face

Pleis to cene and Ho lo cene sed i ments in the Starunia area
con tain n-al kanes, acy clic isoprenoids (mainly pristane and
phytane), pentacyclic triterpanes and steranes. These com -
pounds were used for cal cu la tions of geo chem i cal pa ram e -
ters pre sented in Ta ble 2.

In most sam ples the sat u rated hy dro car bon frac tion of
bi tu men is dom i nated by n-al kanes, ex cept for sam ples Nos
4/3.5, 4/4.0, 4’/3.7, 4’/4.85 30/4.6, 30/5.8 and 30/6.8, which 
do not con tain these com pounds and, in stead, pristane (Pr)
and phytane (Ph) dis play the high est con cen tra tions. Ex am -
ples of n-al kanes and acy clic isoprenoids dis tri bu tions (m/z
= 71) of sat u rated hy dro car bon frac tions are pre sented in
Fig. 3. Both the dis tri bu tion pat tern and the range of com -
pounds are vari able. n-Alkane dis tri bu tion is usu ally mono-
modal. Long-chain (n-C23 – n-C35) or short-chain (n-C13 –
n-C22) n-al kanes may pre vail in the ex tracts, as shown by 
S1/S2 ra tios of these groups (Ta ble 2).

There is a re verse trend be tween chlo ride ion con tent
and S1/S2 val ues (Fig. 4). For sam ples con tain ing over 2
wt% of chlo ride ions long-chain n-al kanes usu ally dom i nate 
whereas short-chain hy dro car bons pre vail mainly in low-
chlo ride sam ples, re gard less sed i ment age and li thol ogy
(Fig. 4).

n-Alkane dis tri bu tion shows a smooth out line in most
of the ex tracts, with the Car bon Pref er ence In dex (CPI) val -
ues vary ing from 1.00 to 2.03 and with most of val ues clus -
ter ing around 1.17 (Ta ble 2). The CPI val ues, which ex press 
pre dom i nance of odd-over-even num bered car bon at oms
n-al kanes, de crease to about 1.00 with the in creas ing ther -
mal ma tu rity, sug gest ing some in put of ter res trial or ganic
mat ter (Tissot & Welte, 1984). Com par ing these re sults
with other ma tu rity pa ram e ters shown in Ta ble 2 and con -
sid er ing the ab sence of un sat u rated com pounds (which is
typ i cal of im ma ture or ganic mat ter), we pro pose that ther -
mally ma ture bi tu men and/or oil mi grat ing from deep ac cu -
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Fig. 2. Ter nary di a gram of sat u rated hy dro car bons, ar o matic hy dro car bons and res ins from bi tu men ex tracted from: (A) Pleis to cene
clayey muds, (B) Pleis to cene peat, biogenic muds and muds sat u rated with bi tu men, (C) Ho lo cene clayey muds, and (D) Ho lo cene peat
muds and muds sat u rated with bi tu men, salt-bear ing Mio cene Vorotyshcha beds, and mine wastes. Shaded area rep re sents oils from sur -
face seeps, from skull of the “sec ond” woolly rhi noc eros (RS) in Starunia, and the near est deep ac cu mu la tions, af ter Kotarba et al.
(2005b). For ex pla na tion of sym bols see Fig. 4
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mu la tions are the main sources of com pounds pres ent in the
ex tracts. Cal cu lated CPI val ues of ex tracted bi tu men are
com pa ra ble with those ob tained for oil ac cu mu la tions and
seeps in the Starunia area (Kotarba et al., 2005b). High vari -
abil ity of n-alkane dis tri bu tion in bi tu men is prob a bly
caused by two fac tors: biodegradation and/or ox i da tion/
evap o ra tion af fect ing the or ganic mat ter sam pled at shal low 
depths. It caused par tial or to tal re moval of n-al kanes from
some of bi tu mens (Fig. 3) and, in the case of Nos 30/2.05
and 30/1.4 sam ples, partly af fected sterane dis tri bu tion (m/z
= 217) (Fig. 5). The pres ence of unbiodegraded bi tu men in
the less con sol i dated mine dump (Sam ple 27’/9.5, Fig. 5)
most prob a bly is con nected with in flow of the fresh oil from 
the neigh bour ing rocks. How ever, pentacyclic triterpane
dis tri bu tion is not al tered by the pro cess. 25-Norhopanes
(m/z = 177), as sumed to be by-prod ucts of hopanes’ deg ra -
da tion in an aer o bic con di tions, are ab sent, indicating rather
oxic conditions of biodegradation (Peters et al., 2005).

Com par ing three ranges of n-al kanes: n-C13 – n-C18,
n-C19 – n-C24 and n-C25 – n-C40 with sed i ment li thol ogy
and age (Fig. 6), we found that Ho lo cene clayey muds (Fig.
6C) and, to some ex tent, also Pleis to cene clayey muds (Fig.
6A) show a clear trend re flect ing the grad ual re moval of

short chain n-al kanes. The Mio cene sam ples (Nos 4/5.0,
22/6.6 and 22/7.9) are clus tered in the di a gram (Fig. 6C)
and re veal n-al kanes com po si tion com pa ra ble to oils from
deep ac cu mu la tions and sur face seeps (Kotarba et al.,
2005b), which in di cates their limited degree of degradation.

The other fac tor af fect ing com po si tion of sat u rate hy -
dro car bons is an in put of even num bered car bon at oms n-al -
kanes, mostly short-chained (n-C14 – n-C20) to gether with
brine (see Fig. 3 in sam ple No. 32N/2.0 and, to lesser ex tent, 
also No. 23/2.0). Dom i na tion of these com pounds over odd
num bered car bon at oms n-al kanes is an un usual fea ture.
Grimalt and Albaiges (1987) and ten Ha ven et al. (1988) at -
trib uted such pro por tions to or ganic mat ter from hy per- sa -
line re duc ing en vi ron ments, whereas Elias et al. (1997) ob -
served this ef fect in re cent sed i ments where n-alkenes ac -
com pany n-al kanes. As in our sam ples n-alkenes are ab sent, 
we sug gest that hy dro car bons might have mi grated from
deep-seated res er voirs (e.g. Kliwa Sand stones within the
Menilite Shales) and might have been dis solved in brines
ac cu mu lated in the salt-bear ing Mio cene Vorotyshcha beds
as well as in Pleis to cene and Ho lo cene sed i ments. The ab -
sence of any other com pounds re lated to hypersaline en vi -
ron ment (gammacerane, el e vated con tent of pentakishomo-
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Fig. 3. Ex am ples of n-alkane and isoprenoid dis tri bu tions in bi -
tu men. Pr – pristane; Ph – phytane, HBI – high-branched
isoprenoid

Fig. 4. Short-chain (n-C13 – n-C22)/long-chain (n-C23 – n-C35)
n-al kanes ra tio in bi tu men ver sus chlo ride ion con tent in (A) Pleis -
to cene sed i ments, and (B) Ho lo cene sed i ments, salt-bear ing Mio -
cene Vorotyshcha beds, and mine wastes. Ple. – Pleis to cene, Hol.
– Ho lo cene, M.V.s-b.b. – Mio cene Vorotyshcha salt-bear ing  beds



hopanes) con firms such mi gra tion mech a nism as short-
chain n-al kanes show the high est sol u bil ity in wa ter among
all aliphatic com pounds pres ent in ma ture or ganic mat ter.
Pref er en tial re moval of n-al kanes over heavier aliphatic
com pounds is a well known re sult of wa ter wash ing (Pal-
mer, 1993; Jovancicevic et al., 2005). More over, brine en -
hances the sol u bil ity of aliphatic com pounds in aque ous
phase in com par i son to fresh wa ter (Peake & Hodgson,
1966; Boehm & Quinn, 1973). As a re sult, n-al kanes are the 
most prob a ble com pounds to be trans ported in brines,
which may en rich the dis tri bu tion of n-al kanes driven from
mi grat ing bi tu men in short-chain, even num bered car bon at -
oms n-al kanes (see Fig. 3, sam ple No. 32N/2.0). Con cen tra -
tions of even num bered car bon at oms n-al kanes are much
higher than those of odd num bered car bon at oms, par tic u -
larly in the n-C14 – n-C20 range, in di cat ing that biodegra-
dation oc curred prior to the en rich ment in even num bered

car bon at oms n-al kanes, since these com pounds are not de -
graded. The greater the ex tent of ear lier deg ra da tion, the
more brine-de rived n-al kanes af fect the ex tract com po si -
tion. The in put of even num bered car bon at oms n-al kanes
also change the CPI val ues in a few sam ples, in which CPI
val ues are sig nif i cantly lower than 1.00 (Nos 1/2.6, 22/4.8,
28/3.4, 30/1.4 and 30/7.2 sam ples). In Fig. 7, the plot of two 
n-alkane ra tios: n-C16/n-C17 (which is the short chain
n-alkane range mostly af fected by brine in put) and
n-C22/n-C23 (be ing the end of a short-chain n-alkane range,
i.e., least-af fected by brine in put) rep re sents two group of
sam ples: (i) those with out large in put of brine n-al kanes
(i.e., where both n-C16/n-C17 and n-C22/n-C23 ra tios are
about 1.0) and (ii) those with vari able in put of brine n-al -
kanes caus ing the in crease of n-C16/n-C17 ra tio when the in -
put is low or mod er ate and the in crease of both ra tios when
the in put is very high. In rare cases when the in put of brine

BIOLOGICAL MARK ERS AND STA BLE CAR BON ISO TOPE STUD IES OF BI TU MEN 471

Fig. 5. Ex am ples of steranes dis tri bu tion in bi tu men; typ i cal dis tri bu tion rep re sented by Pleis to cene sam ple No. 23/2.00, strongly de -
graded bi tu men – by Ho lo cene sam ples Nos 30/1.40 and 30/2.05, and unbiodegraded bi tu men – by mine waste sam ple No. 27’/9.5;
C27dia20S – diacholestane 20S, C27dia20R – diacholestane 20R, C27aaa20S – C27-5a,14a,17a(H)-cholestane 20S, C27abb20S+20R –
C27-5a,14b,17b(H)-cholestanes 20S and 20R, C27aaa20R – C27-5a,14a,17a(H)-cholestane 20R, C29dia20S – diastigmastane 20S,
C29dia20R – diastigmastane 20R, C28aaa20S – C28-5a,14a,17a(H)-ergostane 20S, C28abb20S+20R – C28-5a,14b,17b(H)- ergostanes
20S and 20R, C28aaa20R – C28-5a,14a,17a(H)-stigmastane 20R, C28aaa20S – C28-5a,14a,17a(H)-stigmastane20S, C29abb20S –
C29-5a,14b,17b(H)-stigmastane 20S, C29abb20R – C29-5a,14b,17b(H)-stigmastane 20R, C29aaa20R – C29-5a,14a,17a(H)-
stigmastane 20R



n-al kanes is very high it en riches ex tracts in both n-C16 and
n-C22 in creas ing val ues of both ra tios. This in put is cha otic,
show ing no cor re spon dence to li thol ogy, bore hole lo cal ity
or depth. More over, this ef fect is most prom i nent in sam ples 
with low bi tu men yield and/or with strongly de graded bi tu -
men. In these bi tu mens, brine-trans ported n-al kanes with
even-car bon-atom-num ber pre dom i nance are dom i nat ing
con stit u ents. As most of Ho lo cene clayey muds have a large 
in put of even num bered car bon atoms n-alkanes (Fig. 7C),
the influence of increasing degradation on n-alkane distri-
bution is well-marked.

The Pr/Ph ra tio val ues (Ta ble 2) range be tween 1.10
and 2.08 in the ma jor ity of sam ples. How ever, sam ple No.
23/2.0 shows ex cep tion ally low Pr/Ph ra tio (0.29). Its or -
ganic mat ter is highly de graded (Fig. 3), which prob a bly af -
fects the pristane con cen tra tions. High vari abil ity of
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Fig. 6. Ter nary di a gram of n-alkane com po si tion of bi tu men
ex tracted from (A) Pleis to cene clayey muds, (B) Pleis to cene peat,
biogenic muds and muds sat u rated with bi tu men, (C) Ho lo cene
sed i ments, salt-bear ing Mio cene Vorotyshcha beds, and mine
wastes. For key to bi tu men sam ples see Ta ble 1. Shaded area rep -
re sents oils from sur face seeps, from skull of the “sec ond” woolly
rhi noc eros in Starunia, and the near est deep ac cu mu la tions, af ter
Kotarba et al. (2005b). For ex pla na tions of sym bols see Fig. 4

Fig. 7. n-C22/n-C23 ver sus n-C16/n-C17 ra tios for bi tu men ex -
tracted from (A) Pleis to cene clayey muds, (B) Pleis to cene peat,
biogenic muds and muds sat u rated with bi tu men, (C) Ho lo cene
sed i ments, salt-bear ing Mio cene Vorotyshcha beds, and mine
wastes. Shaded area rep re sents oils from sur face seeps, from skull
of the “sec ond” woolly rhi noc eros in Starunia, and the near est
deep ac cu mu la tions, af ter Kotarba et al. (2005b)



Pr/n-C17 and Ph/n-C18 ra tios val ues (Ta ble 2) re sults from
two deg ra da tion pro cesses de scribed above. The changes of
these ra tios are ev i dent de spite li thol ogy or stra tig ra phy of
sam pling sites (Fig. 6). The most de graded hy dro car bons
oc cur in Pleis to cene clayey mud (sam ples Nos 30N/8.8,
42/6.45 and 42/8.5), un like the ex tracts from Mio cene strata 
(Ta ble 2, Fig. 8C). The lat ter are char ac ter ized by in di ces
val ues com pa ra ble to those of oils known from this area
(Kotarba et al., 2005b).

The dis tri bu tion of pentacyclic triterpanes from
18a(H)-22, 29, 30-trisnorneohopane (Ts) to 17a, 21b(H)-
pentakishomohopanes (C35) is uni form in all ana lysed
n-hex ane ex tracts (Fig. 9). C30-17a, 21b(H)-hopane (ab bre -
vi ated as C30ab hopane) shows the high est con cen tra tion,
fol lowed by C29ab norhopane. Moretanes (b,a hopanes)
are pres ent in mi nor quan ti ties, while b,b-hopanes (bi o log i -
cal con fig u ra tion) and hopenes (in di ca tors of im ma ture or -
ganic mat ter) are ab sent de spite the shal low sam pling
depths. Such pentacyclic triterpane dis tri bu tion is typ i cal of
ther mally ma ture or ganic mat ter, cor re spond ing at least to
the mid dle stage of catagenesis (“oil win dow”) (Seifert &
Moldowan, 1978). Ad vanced ma tu rity of the ana lysed bi tu -
men is also in di cated by the pres ence of C29 Ts-18a
(H)-30-norneohopane (ab bre vi a tion: C29Ts) in all ana lysed
ex tracts. Such hopane dis tri bu tion is sim i lar to that pre vi -
ously found in crude oils from the study area, with hopane
ma tu rity pa ram e ters show ing com pa ra ble val ues (Kotarba
et al., 2005b). The val ues of 17a(H),21b(H)-29-homoho-
pane geodiastereomers ra tio [ab bre vi ated as C31ab 22S/
(22R+22S)] in ex tracted bi tu men have reached the max i -
mum 0.56, typ i cal of “oil win dow” ma tu rity (Ta ble 2, com -
pare with Tab. 6 in Kotarba et al., 2005b). Both the near-
sur face bi tu men con sid ered in this pa per and the oils and ex -
tracts from the Menilite Shales (Kotarba et al., 2005b, 2007) 
con tain oleanane (-s). Its pres ence in mi grat ing crude oil in -
di cates that ter res trial or ganic mat ter con tained in it (Fig. 9)
is Late Cre ta ceous or youn ger in age, since this com pound
orig i nates from b-amyrin – the sub stance oc cur ring in an -
gio sperms tis sues (Ekweozor & Udo, 1988; Moldowan et
al., 1994; ten Ha ven et al., 1993). The oleanane/C30 hopane
ra tio shows slightly larger vari abil ity of val ues in sur face
sam ples than other pentacyclic triterpanes pa ram e ters and
falls into the range from 0.08 (sam ple No. 32N/2.0) to 0.40
(sam ple No. 4’/1), with an av er age of about 0.21 (Ta ble 2).
It is pos si ble that the el e vated value in No. 4’/1 sam ple is
caused by ex ten sive biodegradation of or ganic mat ter, since 
there are some in di ca tors of slightly higher oleanane re sis -
tance to biodegradation com pared to hopanes (Wenger et
al., 2002). How ever, such re moval or der is of ten re versed,
and hopanes con sid ered to be more re sis tant are re moved
prior to less re sis tant steranes or even diasteranes prior to
hopanes (Pe ters et al., 2005). Due to this, it is dif fi cult to
pro pose a sat is fac tory con clu sion. It is also pos si ble that the
in ves ti gated bi tu men was sup plied from at least two dif fer -
ent sources of crude oil, both of sim i lar ma tu rity but slightly 
dif fer ing in or ganic geo chem i cal sig na tures, among them
oleanane con tents. This con cept seems to be con firmed by
highly branched isoprenoid (HBI), prob a bly of di a tom or i -
gin (ten Ha ven et al., 1993), which is pres ent only in some
ana lysed bi tu mens while ab sent in the oth ers (Fig. 3). Since
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Fig. 8. Pristane/n-C17 ver sus phytane/n-C18 ra tio iden ti fy ing
sec ond ary pro cesses in bi tu men ex tracted from: (A) Pleis to cene
clayey muds, (B) Pleis to cene peat, biogenic muds and muds sat u -
rated with bi tu men, and (C) Ho lo cene sed i ments, salt-bear ing
Mio cene Vorotyshcha beds, and mine wastes. Di rec tion of sec ond -
ary pro cesses af ter Shanmugam (1985). Shaded area rep re sents
oils from sur face seeps, from skull of the “sec ond” woolly rhi noc -
eros in Starunia, and the near est deep ac cu mu la tions, af ter Kotarba 
et al. (2005b). Ple. – Pleis to cene, Hol. – Ho lo cene, M.V.s-b.b. –
Mio cene Vorotyshcha salt-bear ing beds



only a few pre vi ously ana lysed crude oils from the Starunia
area (Kotarba et al., 2005b) con tained the HBI, it is pos si ble 
that such vari abil ity in its oc cur rence in sur face bi tu men is
caused by con tri bu tion from at least two sources: one con -
tain ing the HBI and one de void of it.

In a ma jor ity of ana lysed sam ples sterane dis tri bu tions
are uni form with al most equal amounts of cholestane (C27),
ergostane (C28) and stigmastane (C29) diastereomers pres -
ent in the ex tracts (Fig. 10, Ta ble 2). Diasteranes formed
from ster ols in the pres ence of clay min er als oc cur in all ex -
tracts. Also, the ra tios of to tal C29 reg u lar steranes ver sus
to tal C27 reg u lar steranes (C29/C27 ster. in Ta ble 2) are sim i -
lar, fall ing into the range from 0.90 to 1.77, ex cept for
highly biodegraded No. 30/1.4 and 30/2.05 sam ples, which
show in creased con tents of stigmastane diastereomers due
to re moval of cholestanes (C29/C27 ra tios are 3.47 and 4.41,
re spec tively). The Huang-Meinschein ter nary di a gram (Fig. 
10) shows sub-equal rel a tive con cen tra tions of cholestane,
ergostane and stigmastane diastereomers (Huang-Mein-
schein, 1979), which roughly cor re spond to those found in
pre vi ously ana lysed crude oils from the Starunia area
(Kotarba et al., 2005b). Sterane ma tu rity pa ram e ters shown
in Ta ble 2 in di cate the same stage of ther mal evo lu tion in all 
sam ples: val ues of the ra tio of C29-5a,14a,17a(H) (S+R)-
stigmastane 20S to its to tal diastereomers 20S and 20R vary
around 0.34, whilst the ra tios of C29-5a,14b,17b(H)-
stigmastanes to its to tal diastereomers are about 0.35 in a
ma jor ity of sam ples. How ever, both sterane pa ram e ters are
much more in flu enced by biodegradation than hopane pa -
ram e ters and ex hibit higher vari abil ity. There are two sam -
ples show ing sig nif i cantly el e vated val ues of both pa ram e -
ters: Nos 30/1.4 and 30/2.05 (0.60 and 0.46, 0.54 and 0.46,
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Fig. 9. Ex am ple of hopanes dis tri bu tion in bi tu men from No.
25/1.7 Ho lo cene sam ple (up per part) and No. 23/2.0 Pleis to cene
sam ple (lower part). Ts – 18a(H)-22,29,30-trisnorneohopane, Tm
– 17a(H)-22,29,30-trisnorhopane, C29ab – C29-17a,21b(H)-29-
norhopane, C29ba – C29-17a,21b(H)-29-norhopane, C29Ts –
18a(H)-30-norneohopane, ol – oleanane, C30ab – C30-17a,
21b(H)-29-hopane, C30ba – C30-17b,21a(H)-29-hopane, C31ab
– C31-17a,21b(H)-29-homohopanes, C32ab – C32-17a,21b(H)-
29-bishomohopanes, C33ab – C33-17a,21b(H)-29-trishomo-
hopanes, C34ab – C34-17a,21b(H)-29-tetrakishomohopanes,
C35ab – C35-17a,21b(H)-29-pentakishomohopanes

Fig. 10. Ter nary di a gram of sterane com po si tion in bi tu men.
Shaded area rep re sents oils from sur face seeps, from skull of the
“sec ond” woolly rhi noc eros in Starunia, and the near est deep ac -
cu mu la tions, af ter Kotarba et al. (2005b). For key to sam ples see
Ta ble 2, for ex pla na tion of sym bols see Fig. 8



re spec tively). Be cause in both sam ples sterane dis tri bu tion
was af fected by deg ra da tion (see Fig. 10), such change may
be caused by this pro cess. How ever, this may re sult also
from an in put of more ma ture bi tu men mix ing with main
dom i nat ing bi tu men, show ing higher val ues of these two
pa ram e ters. The lat ter as sump tion is con firmed by el e vated
val ues of C29Ts to C30-a,b-hopane ra tio (but not by the
other hopane pa ram e ters) found for these two sam ples. As
geo log i cal en vi ron ment of the Starunia area was highly
mod i fied by min ing op er a tions, such an in put might have
oc curred in the sed i ments sam pled at a par tic u lar depth,
while it might have been ab sent from other sed i ments sam -
pled in the same bore hole. Be cause these two sam ples show
very large in put of brine-trans ported n-al kanes (CPI val ues
0.60 and 0.90, Ta ble 2), it is likely that their sterane dis tri -
bu tion has been en riched in the same way. More over, this
bi tu men con tains a much wider range of n-al kanes, up to
n-C30, which makes in put of heavier com pounds from
brines more prob a ble.

The ex tent of biodegradation pro cesses in ex tracted bi -
tu men is vari able. Us ing the biodegradation scale of Con-
nan (1984), it was pos si ble to as sess their al ter ation in ana -
lysed sam ples (Ta ble 3).

Pentacyclic triterpanes were un af fected by biodegra-
dation and a norhopane se ries in dic a tive of anoxic con di -
tions of the pro cess has not been found in the ex tracts (Pe -
ters et al., 2005). The ex tent of biodegradation is shown in a 
plot of Pr/C30 hop ver sus Pr/n-C17 (Fig. 11). The ini tial re -
moval of n-al kanes caused the in crease in Pr/n-C17 ra tio
val ues (0–2 stages of biodegradation, Ta ble 3). Mod er ately
de graded sam ples show very high val ues of this ra tio, even
up to 277 (sam ple No. 42/8.5; Table 2). The next stages
(3–6) are marked by a grad ual de crease of both ra tios as a

re sult of pristane re moval and in crease of rel a tive con cen -
tra tion of C30-17a21b(H)-29-hopane.

The in ten sity of biodegradation pro cess de pends on
chlo ride ion con tent. In sam ples where high chlo ride ion
con tents were de ter mined the Pr/n-C17 ra tio is low. Sam ples 
char ac ter ized by chlo ride ion con tents be low 1 wt% usu ally
show high Pr/n-C17 ra tios (Fig. 12) in di cat ing the ini tial
stages of biodegradation pro cess. Other ob served pop u la -
tion of sam ples, char ac ter ized by low chlo ride ion con tents
and Pr/n-C17 ra tios, in clude mainly Pleis to cene and Ho lo -
cene clayey muds and peat/biogenic muds, i.e., ma te ri als
which underwent severe biodegradation.

It was found that biodegradation of the ana lysed or -
ganic mat ter is vari able and un re lated to the sam pling depth
(Ta ble 3). Shal lower sam ples are of ten less de graded than
the deeper ones, such as in No. 4’ bore hole, where sam ples
Nos 4’/3.7 and 4’/4.85 have lost all n-al kanes while sam ples 
Nos 4’/1.0 and 4’/4.0 have re tained them. Sim i lar but less
ob vi ous re la tion ships were found in Nos 30N and 30 bore -
holes, where bi tu men is highly biodegraded. Fig. 11 shows
ex am ples of depth dis tri bu tion of biodegradation-de pend ent 
Pr/n-C17 and Pr/C30 hop ra tios in se lected bore holes. The
Mio cene strata (bore holes Nos 28 and 22) are less de graded. 
These are char ac ter ized by low Pr/n-C17 val ues (be low 1.5)
and high Pr/C30 hop ones (over 3.9) (Ta ble 2, Fig. 13). The
range of biodegradation of bi tu men in Qua ter nary sed i -
ments is vari able and in de pend ent of depth and stratigraphy, 
as described above.

The oil col lected from the “up per oil eye” (Kotarba et
al., 2005b) lo cal ized near the bore hole No. 15 is not biode -
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Fig. 11. Pristane/C30 hopane ver sus pristane/n-C17 ra tios in di -
cat ing biodegradation range of bi tu men. Shaded area rep re sents
oils from sur face seeps, from skull of the “sec ond” woolly rhi noc -
eros in Starunia, and the near est deep ac cu mu la tions, af ter Kotarba 
et al. (2005b). For ex pla na tion of sym bols see Fig. 8

Ta ble 3

As sess ment of biodegradation stage of the in ves ti gated
bi tu men from the Starunia area ac cord ing

to the biodegradation scale of Connan (1984)

Bio-
degrada-
tion stage

Changes in
composition caused
by biodegradation

Samples

0 not degraded 8/1.5, 28/9.8

1
slightly degraded,
lighter n-alkanes
affected

15/0.2, 15/2.0, 22/2.5, 22/3.5, 22/4.0,
22/4.8, 22/5.5, 22/6.6, 22/7.9, 27/9.5,
28/6.0, 30/7.2, 30N/4.6, 31/4.0,
32N/5.0, 42/3.8, 42/4.6

2
slightly degraded,
most n-alkanes
removed

1/2.6, 4/4.15, 4'/4.0, 7/10.4, 15/4.0,
15/6.0, 22/1.0, 23/2.0, 23/4.0, 25/1.7,
25/2.6, 30N/8.2, 30N/8.8, 28/3.4,
28/4.7, 30/6.8, 30N/2.9, 30N/5.0,
30N/7.2, 30N/7.3, 38/12.9, 42/6.45,
42/8.4, 42/8.5

3

moderately
degraded, no
n-alkanes; Pr and
Ph removed or their 
distribution affected

5/6.5, 4/3.5, 4/4.0, 4.50, 4'/1.0, 4'/3.7,
4'/4.85, 30/4.6, 30/5.8, 30/6.8, 32N/2.0

5 - 6
strongly degraded,
sterane distribution
affected

30/1.4, 30/2.05

Pr – pristane; Ph – phytane 



graded, un like bi tu men ex tracted from the near-sur face sed -
i ments. Prob a bly, the oil pool is a re sult of leak age from old
Kaufman-1 well (Fig. 1), whose cas ing ter mi nates at shal -
low depth be low the ground level. The same sit u a tion is ob -
served when com par ing oil in di ces from the “lower oil eye”
(Kotarba et al., 2005b) and bi tu men form the neigh bour ing
bore holes Nos 1 and 25 (Fig. 1). Hy dro car bons from these
bore holes are se verely biodegraded (Ta ble 2), while the oil
pa ram e ters are com pa ra ble to those of deeply ac cu mu lated
oils. This oil prob a bly orig i nates from leaking casing in the
Juliusz-2 well (Fig. 1).

Tak ing into con sid er ation the biomarker in di ces, the
most fa vour able con di tions for pres er va tion of the re mains
of ex tinct, gi ant ver te brates oc cur in the vi cin ity of bore -
holes Nos 22 and 23, where the sta tis ti cally high est Pr/C30

hop and the low est Pr/n-C17 ra tios were ob served (Ta ble 2).
These data in di cate also that the least fa vour able pres er va -
tion con di tions are in the vi cin ity of bore holes Nos 1, 4, 4’
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Fig. 12. Pristane/n-C17 ra tio of ex tracted bi tu men ver sus chlo -
ride ion con tent in (A) Pleis to cene sed i ments and (B) Ho lo cene
sed i ments, salt-bear ing Mio cene Vorotyshcha beds, and mine
wastes. Ple. – Pleis to cene, Hol. – Ho lo cene, M.V.s-b.b. – Mio cene 
Vorotyshcha salt-bear ing  beds

Fig. 13. Depth dis tri bu tion of biomarker in di ces in lithological col umns of se lected bore holes Nos 4’, 15, 22 and 28. For lo ca tion of
bore holes see Fig. 1, for ex pla na tions of for mu lae see Ta ble 2



and 15. The im por tant in di ca tor of ex ten sive changes in or -
ganic mat ter, pre vent ing the pres er va tion of mam mal rem -
nants, is the in con sis tency of biodegradation. Its rapid and
cha otic changes from depth to depth with out any gen eral
trend may in di cate rocks strongly dis turbed by min ing op er -
a tions. Prob a bly, the shafts en abled the in va sion of ox y gen
and freshwater into sediments, which might have destroyed
the fossils.

Sta ble car bon iso tope anal y sis
Sta ble car bon iso tope com po si tions of ex tracted bi tu -

mens and their frac tions vary in a nar row range: sat u rated
hy dro car bons from –27.4 to –26.1‰ (dif fer ence 1.3‰),
aromatics from –26.4 to –25.6‰ (dif fer ence 0.8‰), res ins
from –28.8 to –26.0‰ (dif fer ence 2.8‰) and bi tu men from
–27.4 to –25.8‰ (dif fer ence 1.6‰) (Fig. 14). This sug gests
that all ana lysed bi tu mens orig i nate from the com mon
source, re gard less of the res er voir. Com par ing these re sults
with the sta ble car bon iso tope com po si tion of oils from
deep ac cu mu la tions and from sur face seeps (Kotarba et al.,
2005b), the iso to pic ho mo ge ne ity of ana lysed sam ples is ev -
i dent (Figs 14, 15). Be cause the in flu ence of biodegradation 
on sta ble car bon iso topes is weaker than on biomarkers (Pe -
ters et al., 2005), these pa ram e ters en abled us to cor re late
even the strongly de graded sam ples. In sol u ble or ganic mat -
ter pres ent in the stud ied sed i ments has a wide range of sta -
ble car bon iso tope com po si tions: from –29.5 to –23.3‰
(difference 6.2‰) (Fig. 14), which indicates diversified
sources.

CON CLU SIONS

The re sults of geo chem i cal stud ies of biomarker dis tri -
bu tion and sta ble car bon iso topes of bi tu men ex tracted from 
the Pleis to cene and Ho lo cene sed i ments in the Starunia area 
indicate that:

– all bi tu mens orig i nate from oil-prone, Type II
kerogen with in sig nif i cant ad mix ture of ter res trial Type III
kerogen. Their biomarkers and iso to pic com po si tions cor re -
spond to crude oils oc cur ring in deep ac cu mu la tions in the
vi cin ity of Starunia and sug gest that these oils were the sole
source of bi tu mens found in the near-sur face sed i ments.
The sta ble car bon iso tope com po si tion re veals that the bi tu -
men is not ge net i cally con nected with re sid ual or ganic mat -
ter present in the studied Quaternary sediments;

– the ther mal ma tu rity of all in ves ti gated bi tu mens is
very sim i lar and can be es ti mated as mid dle stage of cata-
gen e sis. Some in put of other, more ma ture bi tu men can not
be ex cluded. In put of im ma ture or ganic mat ter to bi tu men
from Pleis to cene and Ho lo cene sed i ments has not been
found, be cause no in di ca tors such as n-alkenes, hopenes or
sterenes were de tected in the ana lysed ex tracts. The pos si ble 
rea son of this are very low con cen tra tions of sat u rated and
ar o matic hy dro car bons in very im ma ture or ganic mat ter of
the Pleis to cene and Ho lo cene sed i ments com pared to the
large in put of these com pounds from ma ture crude oils mi -
grat ing from the near est deep ac cu mu la tions of the Bory-
slav-Pokuttya and Skyba units of the Carpathians;

– the main fac tors dif fer en ti at ing the near-sur face bi tu -

BIOLOGICAL MARK ERS AND STA BLE CAR BON ISO TOPE STUD IES OF BI TU MEN 477

Fig. 14. Iso to pic curves of bi tu men from (A) Pleis to cene clayey muds, (B) Pleis to cene peat, biogenic muds and muds sat u rated with bi -
tu men, (C) Ho lo cene clayey muds, and (D) other Ho lo cene sed i ments, salt-bear ing Mio cene Vorotyshcha beds, and mine wastes. Shaded
area rep re sents oils from sur face seeps, from skull of the “sec ond” woolly rhi noc eros in Starunia, and the near est deep ac cu mu la tions, af ter 
Kotarba et al. (2005b). Ple. – Pleis to cene, Hol. – Ho lo cene, M.V.s-b.b. – salt-bear ing Mio cene Vorotyshcha beds



men were: biodegradation, wa ter wash ing and/or weath er -
ing (ox i da tion/evap o ra tion), which re sulted in par tial or to -
tal re moval of n-al kanes (as com pounds mostly sus cep ti ble
to such pro cesses) and, in some sam ples, also acy clic
isoprenoids and steranes. Biodegradation degree varies
from 0 to 6;

– ad di tional ev i dence of brine-trans ported bi tu men was
found, par tic u larly in pre vi ously biodegraded and/or weath -

ered or ganic mat ter. The main com pounds trans ported in
this way were even num bered car bon at oms n-al kanes:
n-tetradecane, n-hexadecane and n-octadecane. Trans port
in so lu tion pre cluded the pres ence of less wa ter-sol u ble
com pounds, such as most of biomarkers – in di ca tors of
hypersaline environment;

– the most fa vour able con di tions for pres er va tion of
large, ex tinct mam mals within the Pleis to cene muds ex ist in
the vi cin ity of Nos 22 and 23 bore holes, where bi tu men is
best pre served. The worst con di tions were found in the vi -
cin ity of Nos 1, 4, 4’ and 15 boreholes;

– in ten si fi ca tion of biodegradation and weath er ing ef -
fects fol lowed by ir reg u lar scat ter ing, and cha otic changes
of bi tu men prop er ties caused by min ing op er a tions seem to
in di cate the un fa vour able con di tions for pres er va tion of the
rem nants of Pleistocene mammals.
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